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Abstract 
City formation is an integral part of development process. It is expected that, 

around 73% of the world’s population would have become urban by the year 2050 
(World urbanization prospects 2007). Three out of the top ten mega cities of the 
World are located in India and thirty five cities have a population of more than 1 
million each. Haphazard industrialization, lack of town planning and in-efficient 
public transport systems, coupled with the economic growth has led to a shift in the 
mode of transport from public to private or transit vehicles. It is also seen that along 
with population the number of vehicles plying in the city are increasing exponentially. 
For example: Kolkata a mega city having an area of 1246 km2 with a high vehicle 
density (5685 per km2). In December 2002, the number of vehicles registered with the 
Public Vehicles Department was about 0.8 million, with 40,000–50,000 vehicles being 
added each year (Asian Development Bank, 2005), which has led to problems such as 
traffic congestion or traffic jams, which in turn has lead to increase in concentration 
of air pollutants in a particular area or at the site of traffic jams. 

This has raised concerns about the air pollution phenomenon and its 
subsequent effects on plants, animals and human health. According to Cofala et al. 
(2007), in the year 2000, the road transport accounted for 33% of the sources of NOX 

emissions of the world. Also the number of cases of Lung disorder has increased 
drastically, cases registered for asthma and bronchitis. 

The current study aims at finding out the influence of vehicular traffic on the 
concentration of the criteria pollutants [Oxides of Nitrogen (NOx), Oxides of Sulphur 
(SOx), Respirable Suspended Particulate Matter (RSPM) and Suspended Particulate 
Matter (SPM)], in Major Cities of India.  As a part of the study, an extended survey 
was carried out by monitoring of ambient air quality (along with ground level ozone) 
and vehicular survey in order to find out the co-relation between vehicular emissions 
and concentration of air pollutants in the city of Mumbai.  

Key words: Metropolitan cities, vehicular emissions, criteria pollutants. 

  Proceedings of GLOGIFT 09 
November 12 – 14, 2009 
National Institute of Industrial Engineering 
Mumbai, India  

 



1. Introduction 

City formation is an integral part of developmental process. Three out of the 
top ten mega cities of the World are located in India and Thirty five others have a 
population of more than 1 million. It is also seen that along with population the 
number of vehicles plying in the city are increasing exponentially. For example: 
Kolkata a mega city having an area of 1246 km2 with a high vehicle density (5685 
per km2). The shift to private mode of transport over slow moving public transport is 
very sharp and with the help of growing economy more and more people are 
purchasing smaller vehicles like 2-wheelers and small cars Moreover vehicular 
emissions account for about 60% of the GHG’s from various activities in India, 
(Patankar, 1991). The worst thing about vehicular pollution is that it cannot be 
avoided as the emissions are emitted at the near-ground level where we breathe. The 
different air pollutants due to vehicles can have effects at all the three levels – local 
(e.g., smoke affecting visibility, ambient air, noise etc.), regional (such as smog, 
acidification) and global. The vehicles besides being the prominent source of air 
pollutants also account for a number of external effects, such as congestion, noise, 
accidents, and road wear and tear, etc. It has been observed that among different type 
of motor vehicles, percentage of two wheelers has shown rapid growth (doubling in 
every 5 years) and it constitutes 70% of total motor vehicles of India (MoSRTH, 
2004). This has raised concerns about the air pollution and its subsequent effects on 
plants, animals and human health. 

The current study aims to find the influence of vehicular traffic on the 
concentration of the criteria pollutants [Oxides of Nitrogen (NOx), Oxides of Sulphur 
(SOx), Respirable Suspended Particulate Matter (RSPM) and Suspended Particulate 
Matter (SPM)], in the 5 major cities of India. As a part of study an extended survey 
was carried for monitoring ambient air and ground level ozone along with vehicular 
count in order to find out the co-relation between vehicular emissions and 
concentration of air pollutants in the city of Mumbai.  

2. Materials and Methods 
For the study, five major metropolitan cities of India, namely, Bangalore, 

Chennai, Delhi, Kolkata and Mumbai were considered. The work is based on 
secondary data which was obtained from various publications of government of India. 
Data was collected for number of vehicles registered in the city, population of the city 
and vehicle density of the city. Along with this, data was also collected for pollution 
levels of the criteria pollutants from 2004-2007 to match with the vehicle population. 

As a part of the study an extended vehicular count was carried out for the city 
of Mumbai for a week, in the month of May 2009 with simultaneous sampling of air 
pollutants such as NOx, SOx, SPM, RSPM and ground level ozone. The site selected 
for the survey was the traffic junction near the sampling station of NAQM at Worli. 
The vehicles moving from the Worli junction towards Dr. Annie Besant road were 
counted during the peak hours of morning, i.e., from 8 a.m. to 12 noon, whereas 
ground level ozone concentrations were monitored for entire month. 



3. Vehicular ownership in India 
The relationship between the growth of vehicle ownership and per-capita 

income is highly non-linear. The growth of vehicles follows approximately a 
Gompertz function (Joyce Dargay 2007). Motor vehicle numbers have grown even 
more rapidly in the cities than nationally. Urban motor vehicle growth rates have far 
exceeded urban population growth rates, which themselves have been dramatic (Singh 
Sanjay 2005). The area occupied by roads and streets in Class I cities (population 
more than 100,000) in India is only 16.1 percent of the total developed area, while the 
corresponding figure for the United States is 28.19 percent (Singh Sanjay 2005). As 
far as the public transport system in Indian cities is concerned, dedicated city bus 
services are known to operate in 17 cities only and rail transit exists only in 5 cities 
(Mumbai, Delhi, Chennai, Hyderabad and Kolkata) out of 35 cities with population in 
excess of one million. This lack of public transport system has forced people to own 
vehicles and out of the total number of vehicles, maximum are two-wheelers as they 
are much economical than other categories in terms of cost, maintenance and fuel 
efficiency. Due to this the number of vehicles per 1000 has shown an increase from 
2/1000 (1991) to 12/1000 (2008). 

If the above stated trend would continue and fuel economy norms are not 
implemented strictly then the urban environment would undergo drastic changes and 
pollution levels would remain above prescribe standards throughout the year as in 
case of Delhi where surveys have shown that the daily average suspended particulate 
levels, which is strongly correlated with respiratory and cardiovascular diseases, 
exceeding World Health Organization (WHO) guideline limits almost daily in Delhi 
(CPCB, 1996, 2004). 

 

4. Status of vehicular pollution in the megacities of India: 
4.1 Bangalore: In Bangalore the sources of air pollution are vehicular, industrial, 
commercial and domestic activities. The point sources of pollution are mainly large 
and medium scale industries involving processes and large number of D.G. sets 
causing large scale air emissions, while automobiles constitute the major non-point 
polluting source. The problems associated with air pollution in Bangalore are mostly 
due to the large number of privately owned motor vehicles (vehicles of obsolete two 
stroke technologies, road congestion, poor public transit system, bad maintenance 
etc.) Moreover the absence of an efficient local transport system provided by the 
Bangalore Metropolitan Transport Corporation (BMTC) has compounded the 
problem. 

Due to this it is observed that the share of privately owned vehicles especially two 
wheelers is steadily increasing every year, for example the percentage of two 
wheelers in the year 1985 was 67.67%, whereas in the year 2002 it increased to 
74.14% out of all the vehicles registered in the city. On the contrary the share of buses 
was meagre 1.32% in 1985 which dropped 0.63% in the year 2002. Another aspect to 
be noticed is that the total number of vehicles for Bangalore in 1985 was 2, 88,466 



which
with 
incre
not v
RSPM
NAA

Figure

The f
moni
highe
in the
reside

4.2 C
system
has s
qualit
stead
numb
atmo
vehic
in co
(CPC
condi
pollu
due t
etc. T
work

Co
nc
. I
n 
m
g/
m
3

h have grow
the rise in 
ase. It has b

violated at a
M are viola

AQS (24 hour

e 1 Concentratio

figure 1 show
toring statio

er vehicular 
e next coup
ential areas, 

Chennai: W
m is also in

steadily incr
ty of air. Th

dily increasin
ber of vehic
sphere. In 

cles unlike M
ontributing to
CB 2007). A
itions preva

utants and its
to emission 
The prevent

ked upon by t

0

20

40

60

80

100

120

140

160

180

200

g

wn seven fol
vehicle pop

been observe
almost all th
ated at man
rly average)

on of criteria po

ws that the S
ons especial
activity un t
le of years. 
the highest 

With the incre
ncreasing day
reased causin
he levels of 
ng year after
cles has led
Chennai the

Mumbai; mo
o the polluti
s the city of 
iling almost

s concentrati
from vehicl

tive measure
the governm

2004

lds over the
pulation the 
ed that NAA
he monitorin
ny monitori
 of SPM are

ollutants in Ban

SPM values 
lly in reside
that area. Th
 Every yea

values were

easing comm
y by day in 
ng acute sho
SPM and R

r year. This 
d to rise in 
ere are no 

oreover the m
ion levels o

f Chennai is 
t throughout
on. RSPM w
les, re-suspe
e for vehicu

ment. 

2005

e period reac
concentrati

AQS (24 hou
ng stations. 
ing stations 
e violated in 

ngalore.  

exceed the p
ential areas, 
he levels mig
ar the levels
 recorded fo

mercial and 
Chennai Ci
ortage of pa

RSPM are of
can be exp
the particu
restrictions

metrology of
f Chennai in
located adja
t the year co
was violated 
ension of roa
ular pollution

2006

Year

ching 15, 96
ion of air p
urly average)
NAAQS (2
especially 

residential a

  

prescribed li
which can 

ght go beyo
 of SOx are

or the year 20

industrial ac
ty. As a res
arking space
f major con
lained by th

ulate matter 
on the mo

f Chennai pl
n addition to
acent to the c
ontribute to 
in residentia

ad-dust, emi
n are now b

2

6,558 in 200
ollutants is 
) of SO2 and

24 hourly av
in resident

areas (CPCB

      Source: 

imit at major
be explaine

nd 200 on a
e slowly risi
006 (19µg/m

ctivities, the
ult, traffic c
e and deteri
cern as the 

he fact that t
concentrati

ovement of 
lays an impo
o man- mad
coast, the str
the dispers

al areas whic
ission from 
being formu

2007

02. Along 
bound to 

d NO2 are 
verage) of 
tial areas. 

B, 2007).  

 
CPCB 2007 
rity of the 
ed by the 

an average 
ing in the 

m3).  

e transport 
congestion 
oration in 
levels are 
the rise in 
on in the 
out-dated 

ortant role 
de sources 
rong wind 
ion of air 
ch may be 
industries 

ulated and 

Nox

Sox

SPM

RSPM



4.3 D
3.6 m
Delhi
road-
indic
regist

 
Figure

Inters
in ord
persis
homo
chara
diame
Inhal
breath
‘Fine
a me
conte
starte

Fig. 3
result
throu
suffer
levels
incre
show
per 1
Gove
vehic
SPM 

Co
nc

In
µg
/m

3

Delhi: Again
million in the
i’s populatio
-length by m
ates the exi
tration of 2-s

e 2 Concentratio

sections or l
der to contr
stent. The fi
ogenous; it 
acterised in 
eters < 50-1
lable particl
hing. (iii) T

e fraction’ w
easure of the
ent of the sam
ed paying mo

3 also depic
ts for the cap

ughout the ye
rs from asth
s of NOx ar
asing every 

ws an average
000 individu

ernment of N
cles per 1000

concentratio

0

20

40

60

80

100

120

140

Co
nc
. I
n 
µg
/m

3

nst 1.9 millio
e year 2001 (
on has increa
merely 14%
igency of co
stroke engin

on of criteria po

anes for HO
rol air pollut
ig.3 shows th

has a num
various way

100 µm is th
les having 
horacic part

with a diamet
e blackness 
mple. Due to
ore attention

cts the pollut
pital of India
ear. Accordi
hma that is w
re slowly cr

year in the
e annual gro
uals jumped
NCT of Del
0 individual
on thus wou

2004

on vehicular 
(i.e., an incr
ased by only

% (from 22,
ontrolling ve
nes or switch

ollutants in Che

OVs etc, max
tion. In spite
he increase i

mber of con
ys: (i) TSP 
he fraction s
a diameter 
ticles: are ap
ter <2.5 µm 
of a particl

o their high 
n to PM

10 
and

tion trend ov
a are not at a
ng to a study
worsening d
reeping upw
e city. The 
owth rate of 
d from 192 (
lhi). If this 
ls would gro

uld reach up t

2005

population 
rease of near
y 43% (from
000 Km to
ehicular pol

hing to CNG 

ennai  

ximum meas
e of that air
in the conce

nstituents. A
(Total susp
ampled with
<10 µm p

pproximately
penetrates to

le sample gi
health dama
d PM

2.5 
parti

ver the last 
all pleasing b
y in Delhi on

due to vehicu
wards with th

growth veh
f 8.003% per
(1995) to 29
trend contin

ow to 449 ve
to an annual

2006

Year

in 1990 in D
rly 87%). Du
m 9.5 million
 25,000 Km
llution. Whe
by public tr

sures are bee
r pollution in
entration of S
As a result, 
pended parti
h high-volum
penetrates th
y equal to P
o the lungs; 
ives a relativ
aging potenti
icles. 

four years i
because of th
ne out of eve
ular pollutio
he rise in th
hicles in dep
r year and th
95 (2006) (T
nues then in
ehicles per 1
l average 500

6 2

Delhi, it rose
uring the sam
n to 13.8 mi
m) respectiv
ether it is b
ransport or ti

      Source: 

en taken in t
n the city o
SPM. The S

it is meas
culates) wit
me samplers
hrough the 

PM particles.
and (v) Blac
ve value for
ial

 
recent stu

in New Delh
he high leve
ery 10 schoo
on (CPCB 1
he number o
picted in Fig
he number o
Transport De
n 2020 the n
1000 individ
0µg/m3 . 

2007

e to nearly 
me period, 
illion) and 
vely. This 
anning of 
imers at 

 
CPCB 2007 

the capital 
f Delhi is 
PM is not 
sured and 
th particle 
s. (ii) PM: 

nose, by 
. (iv) PM: 
ck smoke: 
r the soot 
udies have 

hi and the 
ls of SPM 

ol children 
999). The 
f vehicles 
g.4 which 

of vehicles 
epartment, 
number of 
duals. The 

NO2

SO2

SPM

RSPM



4.4 Kolkata: Kolkata and Howrah, the twin cities situated on the eastern and the 
western side of the river Hooghly. Due to the availability of infrastructural facility 
which included river fronts. The city has a port and an abundance of water and raw 
materials for industrial activity such as coal. Due to availability of raw materials and 
resources rapid industrialization has taken place in Kolkata from the pre-
independence period 

 
Figure 3 Concentration of criteria pollutants in Delhi.              Source: CPCB 2007 

 
Figure 4 Number of vehicles in New Delhi             Source: Transport Department, Government of NCT of Delhi. 

As most of these industries were built long before they have outdated technology and 
hence generate various forms of emissions in large quantities. Industrial emissions in 
the city and its suburbs are caused by coal burning in thermal power plants and other 
industries, Besides, the emissions from rapidly increasing numbers of vehicles are 
also largely responsible for the high level of air pollution in the atmosphere. Over the 
last decade the number of registered automobiles in Kolkata has increased by 52 
percent. The conditions in Kolkata are so worse that the effective road area available 
in Kolkata is less than 5 percent of the total area (CPCB 2007). Very high automobile 
density, disproportionately low percentage of road network, congestion and traffic 
jams aging vehicles and unscientific traffic management are the major reasons for 
high emission of air pollutants from automobiles. The fig. 5 shows the trends of 
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ambient air quality over the past four years in Kolkata. Except for So2 and NOx, the 
pollution norms for all other monitored pollutants have been violated for all the years 
shown in graph. Also other studies on air pollution at traffic intersections by    

 
Figure 5 Concentration of criteria pollutants in Kolkata.         Source: CPCB 2007 
Ghose Mrinal (2004) revealed that the concentration of the mean SPM concentration 
at the traffic air quality monitoring station ranged around 739.3µg/m3 ± 20%. This 
concentration exceeds the permissible limit of Central Pollution Control Board 
(CPCB) (200µg/m3) at all the locations. The concentration of RSPM varied from 
286.5-421.4 µg/m3 at different locations across the city. This poses a serious threat to 
environment and human health of the people living in and around the city. This can be 
supported by the findings from the study by Kazimuddin and Banerjee (2000) 
reported that more than 10,000 premature deaths occurred in Kolkata in 1995 due to 
SPM. The concentration of Pb (Lead) in the blood was found to be 25.6µg/dl in 
Kolkata compared to 6.0µg/dl in Tokyo, (Misra and Khandekar, 1994). These 
conditions can be improved by adopting the following strategies: the main arterial 
road pothole-free, footpaths and widening the roads wherever possible should be 
given top priority. The proportion paved road space to the total space in Kolkata is 
only 6% compared to Delhi—20%, Mumbai—16% whereas ideally it should be 25–
30%. Improved practices for managing traffic can reduce congestion significantly. 
Improvements could include such incentives and disincentives as restricting use of 
main arteries, encouraging car pooling, providing incentives to use public transport, 
improving public transit system or establishing new ones, taxing cars entering the city 
limits, imposing steeper parking fees, and imposing an environmental tax on 
automobiles. 
4.5 Mumbai: As a result of the industrial and commercial development there has 
been a consistent influx of migrants from all over the country resulting into increase 
in population growth. The population of Mumbai has recorded a phenomenal increase 
after Independence. The present population has crossed the 10 million and further 
growth is projected. In spite of the stringent pollution control norms are being laid 
down and are followed meticulously, like Delhi the up gradation to CNG vehicles for 
public use such as taxies and Buses is followed appropriately, degradation of ambient 
air quality is being observed over the past years. The concentration of PM has been of 
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ozone were monitored continuously from 8th May 2009 to 30th May 2009. The 
concentrations of ground level ozone were recorded for hourly average values. 

6. Data and Analysis 
Fig. 7 depicts the daily flow of vehicles on the Dr. Annie Besant road, whereas 

the fig.8 shows the ground level ozone concentrations for the week during which 
vehicle counting was carried out. It was observed that for the days of monitoring the 
concentration of have never exceeded the permissible limit (WHO of 100-200 µg/m3 

per hour or USEPA standard of 75 ppb per hour), the ozone values observed were in 
the range of 0.01to 51.89 ppb. As the number of vehicles increase, it should 
encourage formation of ground level ozone, but the trend observed in the study shows 
the other way. Hence, more comprehensive study has to be carried out in order to 
understand the phenomenon of lower concentrations of ground level ozone. 

 
 

 
Figure 7 Number of Vehicles during the peak hours 

7. Discussion:   
 From the above study it can be concluded that the hypothesis  of high 

vehicular density during the peak hours cannot be substantiated with formation 
of ground level ozone in the later hours. 

  There may be other aspects such as metrological conditions (wind, humidity, 
etc.), salinity content of air, etc., which may be affecting the formation of 
ground level ozone. 

 The observation further brings to the fore front that ozone levels remain much 
below the prescribed limits by the WHO and USEPA. Hence, at present 
ground level ozone is not an alarming threat to plant, animal or human health. 

 Further investigation is required to study the causes of non-formation of 
ground level ozone formation and to hypothesize whether it is a general 
phenomenon across the urban regions across the country. 
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Figure 8 Trends for ground level ozone during the period of vehicle counting 
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